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Q 1 Introduction 

CN Flavour changing neutral currents (FCNC) leading to the decay of charmed D mesons 

into and 77 are very suppressed in the Standard Model (SM), and in fact the 
^ Glashow-Iliopoulos-Maiani (GIM) mechanism [1] is more effective here than for B 

I and K mesons because the down-type quark mass differences are relatively smaller 

than the up-type ones. In the SM, the — )■ /i+yU^ and — )■ e^e^ branching 
fractions are dominated by long-distance contributions and estimated to be B{D^ 
' ' ~ 10-13 and B{D^ e+e") ~ lO'^^ [2], while e^/i^ violates lepton 

^ flavour conservation and is forbidden in the SM. If neutrino mixing is accomodated in 

the SM, — >■ e^/i^ would anyway happen only at undetectable small rates. The SM 
O predictions are all well below the present experimental sensitivities, but searches for 

\Q these decays can probe NP contributions that may provide enhancements of several 

^ orders of magnitude p] . Furthermore, NP models can affect D° — )■ and — 

^ mixing in a correlated way p]. The short-distance SM contribution to — )■ 77 is 

^ ~ 3-10~ii, the dominant long-distance contribution is ~ 3.5-10"^ NP models can 

enhance the SM rate by more than 2 orders of magnitude [5]. 

• ^ 

S 2 BABAR search for £+£- 

BABAR has searched for — )■ [6] using approximately 468 fb"^ of e~^e~ collisions 
produced by the PEP-II asymmetric-energy e~^e~ collider at and near the T(4S') 
resonance. 

candidates are found by combining pairs of oppositely charged leptons. Decays 
to TT+TT^ and K'Ti'^ are used as control samples. D mesons from direct e+e~ — ?■ cc 
production are selected by requiring that the candidate momentum be larger 
than 2.4 GeV/c, which is about the kinematic limit for B — )■ D*7r, -> D°7r+. 
Combinatorial background is suppressed by requiring that the candidate originate 
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from the decay D*(2010)+ D°7r+ [] A fit of the D*+ D^7i+; -> decay 
chain is performed where the tracks are constrained to come from a common vertex 
and the D° and slow pion are constrained to form a common vertex within the beam 
interaction region. The probabihties of the and D* vertices from this fit must be 
at least 1%. The reconstructed mass m{D^) must be within [1.65, 2.05] GeV/c^ and 
the mass difference Am must be within [0.141,0.149] GeV/c^. The and Am mass 
resolutions, measured in the D — t- tt+tt^ sample, are 8.1 MeV/c^ and 0.2 MeV/c^ 
respectively. 

Background candidates are either random combinations of two leptons (combina- 
torial background), or D*^ — )■ vr+vr" decays where both pions pass the lepton identifi- 
cation criteria (peaking background). The — )■ vr+vr^ background is most important 
for the — )■ channel. Combinatorial background from semileptonic B decays 

is suppressed by using a Fisher discriminant [7j of five variables. Events with hard 
initial state radiation that converts to eletron pairs are suppressed by requiring at 
least 5 tracks for the — )■ e+e~ channel and at least 4 tracks for the — )■ fi~^fi~ 
and — )■ e^/x^ channels, by accepting at most 3 electron candidates and by vetoing 
particles compatible with being results of photon conversions. The selection criteria 
for each signal channel were chosen to give the lowest expected signal branching frac- 
tion upper limit for the null hypothesis (a true branching fraction of zero) using the 
MC samples. 

Control samples and sidebands are used to estimate backgrounds. Combinato- 
rial background is estimated using the upper sideband in the _D° mass distribution. 
Peaking background is estimated by scaling the observed — )■ tt+tt^ yield with the 
misidentification rates estimated from the — )■ K~n~^ data control sample. 

For all three channels, no statistically significant yield is observed compared with 
the expected background: 1 event observed vs. 1.0 ± 0.5 expected background for 

—7- e+e^, 2 observed vs. 1.4 ± 0.3 expected for — t- e^yU^ and 8 observed vs. 
3.9 ± 0.6 expected for — )■ The probability of observing 8 events when 

3.9 ± 0.6 events are expected is 5.4%. Accounting also for systematic uncertainties, 
the 90% confidence level (CL) upper limits for the branching fractions are B{D^ — )■ 
e+e") < 1.7-10-^ B{D^ e±/x^) < 3.3-10"^ and i3(D° ^ /i+/x") < 2.6-10"^ 0. 

3 BaBAR search for 77 

The BABAR collaboration has conducted a search for —t- 77 [8] on 470.5 fb~^ of 
data collected by the BABAR detector at the SLAC PEP-II e~^e~ asymmetric-energy 
collider operating at e~^e~ CM energies at and around the T(4S') peak. The important 
background decay mode D° — )■ vr^vr'' and the decay mode D° — )■ Kgir^ are also selected 

^Here and in the following charge conjugation is implied unless otherwise stated 
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and studied in the same analysis. The last channel is used as reference normalization 
mode to avoid uncertainties in the number of D*^ . 

candidates are made with pairs of photons and pairs of vr*^ mesons, and the 
resulting is required to come from the decay D*{2010)~^ — )■ D^tt^ {D*~^ tag). The 
candidates are required to have a momentum > 2.85GeV/c and their invariant mass 
must be between 1.7 and 2.1GeV/c^ for the — )■ 77 analysis and between 1.65 
and 2.05GeV/c^ for the — )■ tt^ti^ analysis. The photon candidates are selected 
to have CM energies between 0.74 and 4GeV, the vr" candidates must have energy 
larger than 0.6 GeV. The candidates for the — )■ Kgii^ reference mode are 
formed by combining a vr^ candidate as defined above with a Kg candidate consistent 
with the decay — )■ tt+tt^, with a decay length significance (flight length divided 
by its estimated uncertainty) larger than 3. The 77 selection rejects events 

whose photons are compatible with a vr'' decay. A kinematic fit is applied to the 
events, requiring the candidate invariant mass to be between 1.6 and 2.1GeV/c^. 
Both the D° and TT"*" are constrained to originate from a common vertex within the 
beamspot to satisfy the D*~^ tag requirement. The — )■ 77 analysis signal efficiency 
is 6.1% with the corresponding reference mode {D^ — )■ KgTr^,Kg — t- tt+tt") efficiency 
at 7.6%. The — t- tt^ti^ analysis signal and reference mode efficiencies are 15.2% 
and 12.0%, respectively. 

For all modes, signal yields are determined using unbinned maximum likelihood 
fits to the invariant mass distribution of candidates. The probability distribution 
functions (PDFs) for signal and backgrounds have their shapes fixed from Monte 
Carlo simulation and their relative normalization fit on data. The invariant 77 mass 
distribution of the — > 77 candidates is shown in Fig. [l] together with the fit of 
the signal and background component contributions. The signal yield is —6 ± 15, 
consistent with no — t- 77 events. Using the — )■ Kgir^ yield, B{D^ — )■ 77) = 
(—0.49 ± 1.23 ± 0.02)-10^^ where the errors are the statistical uncertainty and the 
uncertainty in the reference mode branching fraction, respectively. 

Several systematic uncertainties cancel partially or completely by normalizing the 
yield to the reference mode; the largest estimated systematic contributions come from 
uncertainties in tracking efficiency (1.4%), 7r° veto (1.8%), photon reconstruction 
(0.6%). The 7r° veto performance has been studied on data using the physically 
forbidden decay — )■ -ft'57. Accounting for systematic uncertainties, the 90% CL 
upper limit for B {D^ — )■ 77) is determined to be < 2.4 ■ 10~^ [B]. 

4 BESIII search for 77 

The BESIII collaboration has reported preliminary results on a search for — 77 [9] 
based on an integrated luminosity of ~2.9 fb"^ of e+e~ collisions produced at the 
BEPCII energy-symmetric ring at ^/s = 3.773 GeV and recorded with the BESIII 
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Figure 1: The 77 mass distribution for D° — 77 candidates in data (data points). 
The sohd blue curve corresponds to the signal plus background fit, where the sig- 
nal component has a slight negative yield, the long-dash red curve corresponds to 
combinatorial background component, and the small-dash pink curve corresponds to 
the combinatoric background plus — )■ tt'^tt'^ background shape. The value is 
determined from binned data. The pull distribution shows differences between the 
data and the solid blue curve with values and errors normalized. 



detector [10]. The analysis includes also the measurement of the major background 

To select the — t- tt^tt'^ channel, photons are first paired to form 7r° candidates, 
which are then re-fitted with a mass constraint, tt^ candidates are combined to 
form candidates, whose energy is required to match half the event energy with 
a discrepancy —60 MeV < AE < 30 MeV, where AE = E^^Ot^o — -Ebeam- The signal 
yield is obtained with a maximum-likelihood fit to the beam-constrained mass Mbc = 

\/-^beam ~ Pz)C^ wherc -Ebeam IS the beam energy and po is the -D°(— tt^tt*^) candidate 
momentum. The fit yields 4081 ±117 signal events. 

The selection of — )■ 77 candidates starts with pairing the two most energetic 
photons. Events with photons compatible with 7r° — )■ 77 are rejected. Radiative 
Bhabha events are suppressed by requiring that photons be isolated at least by 20° 
from all tracks and by requiring that the most energetic track fail the electron iden- 
tification. 

Finally, the signal yield is extracted with a fit to the AE distribution after requir- 
ing that 1860 < Mfyc < 1870 MeV /c^. Here, the signal shape is fixed from Monte 
Carlo. The fit has of 63.7 for 76 degrees of freedom and determines a signal yield 
of -2.9 ±7.1. 
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No significant signal is found and 90% CL upper limits are set to B{D^ 
-f-f)/B{D° 7r°7r°) < 5.8-10-3 and B{D^ 77) < 4.7-10-6 (preliminary) [9|. 

5 Conclusions 

There is no evidence of New Physics in the searches that BABAR and BESIII have 
done for the rare charm decays — )■ £~^i~ and — )■ 77. The experimental sen- 
sitivities are still far from the SM predictions, leaving space for further significant 
improvements. 
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